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Abstract 
The factors was studied in this article that are the size of the screen mesh, feed quantity and the mechanical property 
of PWB, which influence particle size distribution of printed wiring board (PWB) crushing product. The size of the 
screen mesh is the most critical factor while feeding quantity and the mechanical property of PWB influence particle 
size distribution by changing the pass probability of the crushing product. 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name 
organizer] 
 
Key words˖ Printed wiring board  Particle size distribution  Mechanical property  Feeding quantity  Probability 
PCB waste is an important part of e-waste. Normally the reusing processes include 
Pyrometallurgical, hydrometallurgical and mechanical methods, which all have crushing or 
shearing step that is the most basic step for post-treatment. The particle size distribution of 
crushing product is an important indicator for crushing evaluation [1-6]. 
Many factors have effect on particle size distribution of printed circuit board crushing 
product, such as the size of the screen hole, the mechanical property of PWB, tool wear, feed 
quantity, and so on. In this study the influence of different size of the screen hole, different 
feed quantity and mechanical properties of PCB were discussed. 
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1.Experimental Material and Methods 
1.1. Experimental Materials 
Two kinds of wiring boards were used in this experiment. The first one was from VCD 
player, and the second one was from cellphone. The forward was named as PWB for VCD, and 
the latter was named as PWB for mobile phone. Figure 1 showed the photos of them. 
 
(a) PWB for VCD  
(b) PWB for mobile phone 
Fig.1 Pictures of experiment material 
1.2. Mechanical Properties of Experimental Materials 
Bending strength test was designed according to GB/T 4721-92, “General rules for 
copper-clad laminated sheets for printed circuits”[7]. Based on the experimental situation, the 
following specific parameters were selected. the speed was 10 mm/min; strided distance was 
13 mm for mobile phone board and 26 mm for VCD board; Pressure head diameter was 2±0.2 
mm (there is no pressure head of 0.5 ± 0.2 mm); Sample size was 46 × 25 mm. so the Bending 
Strength of VCD boards and mobile phone boards were 58 MPa and 528 MPa respectively 
according  to the  formulaıf = 3PL/200BH 2. Bending strength of VCD was much smaller 
than that of mobile phone. 
1.3. Experimental Machine 
The type of shearing machine was HYP-250. The size of the feeding entrance was 250 
mm×250 mm, the power was 3.68 KW, the volume was 830 mm×560 mm×1120 mm, and the 
weight is 468 Kg. Figure 2 showed the working mechanism of the shearing machine. 
 
Fig. 2 Working Mechanism of the Shearing Machine 
1.4. Experimental Arrangement 
The experimental arrangement was showed in Table 1. The weight of each piece of VCD 
board was about 0.18 Kg. Every experiment was repeated for three times parallel.  
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Table 1 Experiment Arrangement 
Order Screen hole (mm) VCD board Mobile Phone Board




0.12 Kg/ time 
0.18 Kg/ time 
2 8 
3 4 
4 2 1 piece/time 
2. Experimental Results and Discussion 
2.1. Particle Size Distribution of Crushing Product 
 
(a) 12 mm screen 
 
(b) 8 mm screen 
 
(c) 4 mm screen 
                            
 
 
(d) 2 mm screen 2mm 
Fig.3 Particle size distribution of PWB for VCD 
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(a) 12 mm screen 
 
  (b) 8 mm screen 
 
(c) 4 mm screen 
 
(d) 2 mm screen 
Fig.4 particle size distribution of PWB for mobile phone 
                             
2.2. Experimental Discussion 
2.2.1 The Influence of the Screen Mesh Size on the Particle Size Distribution of Crushing 
Products 
It can be seen from Figure 3 and 4 that the larger the mesh screen is, the greater the 
proportion of big-size particles in the crushing products there will be. This impact should be 
related with the crushing products shape, movement irregularity and its sifting-out probability. 
When the screen mesh is fixed, the sifting-out probability is influenced by shape, size and 
forms of movement. It was found that the shape of crushing products was very irregular [8], 
which increased the influence of the shape on sifting-out efficiency. In addition, the movement 
of crushing products in the crushing cavity is more irregular, which strengthened the 
probatilistic properties of sifting-out of the crushing product. A particle with a certain shape 
shall have a corresponding screening probability when it is sieved with a certain mesh size and 
a particular form of screening movement. There is a specific particle size, when particles are 
smaller than this size, particle shape will not have an obvious effect on the screening 
188   Fenfen Zhu et al. /  Procedia Environmental Sciences  12 ( 2012 )  184 – 190 
efficiency any more. This particle size is temporarily called as sifting-out-free size. From the 
size distribution results of the VCD board crushing products, for 12 mm, 8 mm, 4 mm and 2 
mm sieves, sifting-out-free size of the crushing products were in intervals of [2,6] mm, [2,4] 
mm, [0.9,3] mm, and [0.45,2] mm. The products proportion is the largest in these size intervals, 
so they are also called as dominant sifting-out size intervals. Thus it can be seen that the mesh 
size is the determinant factor of product size distribution, which directly determines the 
dominant sifting-out size interval. 
2.2.2 The influence of Feeding Quantity on the Particle Size Distribution of Crushing Products  
 Figure 5 showed the cumulative oversize distribution curve of Figure 3. In the case of 3 
pieces each time, which means the total experimental material was 9 pieces. With 12 mm 
screen, the feeding quantity generally did not influence the cumulative oversize distribution 
curves of crushing product; with 8 mm screen, the cumulative oversize distribution curves of 
crushing products were obviously different from one another. The difference was greater than 
that with 12 mm sieve cumulative oversize distribution curves, and the difference between 3 
pieces / time and 2 pieces/ time was more than that between 2 pieces/ time and 1 piece / time, 
indicating that the impact of feed quantity to the crushing product particle size distribution 
was not linear, which should be related with the complexity of the crush process. In addition, 
from 8 mm sieve cumulative oversize distribution curves of crushing products, it could be seen 
that the increase of feeding quantity would increase the proportion of large size products. 4 
mm sieve cumulative oversize distribution curves of crushing products had a significant 
change, and the overall trend was similar to that of 8 mm sieve, but was not as regular as that 
of 8 mm sieve, indicating that there were other random factors affecting the particle size 
distribution of crushing products, such as the screen sealing and wear, as well as the error in 
screening process. The discarded printed circuit boards had high possibility to be injured 
randomly, so the boards would show a certain degree of randomness when they were crushed. 
 
(a)  12 mm screen 
 
(b)  8 mm screen 
 
(c)  4 mm screen 
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(d)  2 mm screen 
Fig.5 cumulative oversize distribution curve of PWB for VCD 
2.2.3 The Influence of Mechanical Properties of Materials on the Particle Size Distribution of 
Crushing Product 
Comparing Figure 3 and 4, it can be found that the particle size distribution of crushing 
product of VCD boards and mobile phone boards were very different, both of which are very 
different in mechanical properties also. Bending strength of Mobile Phone Board was much 
stronger than that of VCD board. Particles of smaller size were harder to be crushed than 
larger size, because with decreasing of particle size, strength was increased fast [9-11]. In the 
beginning of crushing, the proportion of larger particles was larger than that of smaller 
particles. Particles in this size segment were increased in crusher chamber and influenced one 
another, leading to reduce random motion and increases screening probability of particles. 
Because of its long residence in the crushing chamber, screening probability became larger. 
Particle size distribution of crushing product of 2mm sieve of mobile phone boards was 
unusual, which may be because that 2mm mesh sieve was small that can be blocked easily and 
some products slipped from the gap between the screen and the mesh. Therefore, in the 
crushing experiments of 2mm sieve, sealing of Screen have a great impact on results. 
3. Summary  
From the above study it can be seen that many factors such as size of the screen hole, 
feeding quantity, mechanical property and so on, will influence the particle size distribution of 
crushing product. The main reason of these factors influencing particle size distribution of 
crushing product was that crushing process was complex and crushing products screening have 
great probability properties. Among these factors, size of the screen hole was the dominant 
factors. The  feeding quantity and mechanical property influencing particle size distribution 
of crushing product can change the sifting-out probability of crushing product particles, by 
weakening or strengthening the influence of irregular property of particle shape on screening, 
apparently strengthening the influence of screen hole on screening efficiency of particles. 
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